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An investigationwas conductedto determinethe influenceof
stzengthand ductilityon the room-temperatureburstcharacteristics
of soliddisks,diskswiti large-diametercenlzmlholes,and disks
with amll-diametercentralholes. Disksweremachinedfrcm seven
materials,two of whichwere givenvariouiheat treatments.

For the soliddisksand for the diskshavingstmessconcen-
trationsconsistingof lerge-and smll-diametercentralholes,
burst stiengthincreasedwith increasein tensilestrength. The
ratio of burst stmengthto tensilestrength.was relativelyimle-
pendentof ductility. The strengthsof soliddiskswere reduced
by the introductionof lmge-diam@er cenbml holesapproximately
in proportionto the amountof mterial removed.” Etmllholes
reducedthe strengthby an amount~eatmr than the amountof section
removedbut not as much as wouldbe predicW by calculatingelastic
stresses.

maDucTIoIv

The effectof ductilityon the strengthof rotatingdiskshas
long been a seriousconcernof machinedesigners.Functionalconsid-
eratims oftenrequirethatdisksbe so designedthat stmessconcen-
trationszme set up in regionsthatare alreadyhighlystiessed.
)3?mwdl mterial defectsare to be tolerated,theywi12 also increase
the stiesses.For disksthathave stressconcenlmations,a material
havingscamductilityis usuaXLyselectedin orderthatduring
rotationsmallamountsof plasticdeformationcan redistributethe
stiessesin a more satisfactorymnner. The amountof ductility
considerednecessaryis oftenobtainedat some sacrificein tensile
strength. Becauselack of ductili& is consideredto mke a IMterial
sensitiveb stressconcentrations,the designeris confrontedwith

.

—. .—..— __. . ____ .—___ _ . .. ..e — —. ___ .——.



.. _ ._— .—

2
.

a seriousaileMma.
rationalcanpramise

NACATN NO. 1667

Littleimformtion is availableon whicha
betweenstrengthand ductilitymy be based,

IEctensivetestsshowingthe responseof disk shength to
forgingtreatmentare describedin refmence 1. Burst testsof
severaltypesof diskmade frcm a Ve,rie_&of mkerials are repcwted
in reference2. The OdCtitea averagestressat burst has been
estxiblishedas a criterim for estktlng stiengthqof disks.
Also,the reductionin burst speedcausedby a centralhole was
foundto be greaterfor disksof high ductilitythanfa disks of
low ductiMty. An tiical discussionof the phenomenaof plastic
deformationof ringsand disksshowedthatthe equilibriumof the
disksmay becomeunstableundercertainconditionsthatdependon
the natureof tie stress-str* curve (reference3). The work of
reference3 leadsto the conclusionthat a measure@’ ductility,
to be significantfor rotatingdisks,shouldbe relatedto the
occurrenceof instability.

An investigationwas’ccmductedat the NACA Olevelandlaboratcmy
to examinethe relationof tensilestrengthand ductilityto the

.

strengthof rotatingaif3b. The investigationof audmi~ require-
ments of diskshavingstressconcen-tions was confinedto disks
with cenlmalcircularholes. ~ orderto investigatea range of
stresscmditions,burst testswere perfmmd on soliddisks,on
diskswith a Lmge centralhole,and on diskswith a mall central
hole. The diskswere~Cma frczua varietyof materials. Curves
were plottedfw each designto showthe influenceof tensile
stien@ and audm~ on the strength of the disks.

DISK8JU?DDISK-BUR8TEk

Diskswere fabricatedof variousmaterialsaccordingto three
basic designs. The desi~ are sketchedin figure1. KU diskshad
paraJMl sidesof 3/8-inch+Mclmess and 10-inchoutsidediamatir.
Diskswere inspectedfor defectsby radiographicand by magnetic
or tisualmethods. ‘Oe diskswere separatedintothreeclasses
accordingto the inspectionresults. CMS z iIIcltieaai8kf3tit
were free from defects; class 2 ha irregularitiesthatwere jtigea
to be of littleconsequence;end class3 consistedof all disks
thatwere c-idered unsound. Data sz?ereportidfor disksof
classes1 amd 2 and the plottedcurvesdistinguishtheseclasses.

Disk @es A and B weremachinedwith a smallprojectinghub.
The diameterof the hub was severelyreducedadjacentto the disk
(fig.1) so thatthe hub wouldhave a minimumstiengthenlngeffect
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on the disk. Disks of we C were suppxted on a speoialWuliplf
(reference2), as shownin figare2. Duringoperation,the petals

, of the tulip8-, whichpermitsthe disk to be acceleratedinto
speedrangesin whichthe centralhole ~ considerably.The
extentto whichthe tulippetalsdefom is shownin ~igure30

Powm fcn acceleratingthe disksh burstspeedin a period
of about10 minuteswas suppliedby a smll air turkbe. The disks
were spunat roan tamperatie in a burstpit,whichwas evacuated
to a pressureof 1 inch of mercuryabsolute. Thislow pressure
minimizedany tempera-e increasesdue to air friction. The
burstspeedwas detemined.byreadinga speedinUca*- at the
instantof failure.

The typesof mtterial used and we correspondingdesigns
investigated=e listedin tableI. Conventionalmethds aP m%krial
testingwere used in measuringthemechanicalproperties,whichare
alsolistedin tableI. The tensilespecimens(fig.4) were 1/4 inch
in diameterand had A.S.T.M.recamnendedUmensims. Specimenswere
cut in a radialdirectionfromn@ertal 100at9anear the ten* of
disksthathad been fabricatedand heat-treated~ the samenanner
as the burstdisks;the tensilespecimenswouldtiubbest a~oSnWe
the propertiesof the=terial in the most highlystressedregion
of the aisk.

DISKFRACTWE

Photo@aphs of burstdisks,-anged in orderof decreasing
ductility,are presentedin figure5, which shuwsthat the number

of piecesincreaseswith decreasingductility.

Sane disksfailedin a planeapprmdmately45° to the planeof
the disk (figs.5(a)and 5(b)). Thisfailurecan be describedas
a shearfailure. Most of the disksfailedin a planenormalto
theplane of the disks (figs.5(c) to 5(e)). Thistype of break
is calleda cleavagefailure. The disksof lowestductility
failedin a planermnml to tie surfaceof the disk,whereasthp
disksof highestduotili~ failedin a plane45° to the planeof
the disk. Somedisksof intermediateductilityfailedwith a 45°
break,sanefailedwith a 90°breakand somefailedwith a 45° break
near the disk73urfaceand a 90° breakin the interior,whichis
siadlarto the familiarcup-and-ccmefractureof a tensilespeci-
men.

.
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Disks in the beryllium-c~er seriesexhibitxilboth shear-and
cleavage-Qpe failures. When the beryllium-copperdiskswwe heat-
treatedto @ve themdmum haxlnessobtainable(optimumage@, they .

.

failedin a planenornmlto the surfaceof the disk. In this condition,
the ~ecipitationphaseor gammaphaseappearsas a shadingof the
grahe, as shcmnin figwe 6(a). Closeexandnationof the photo-
micrographshuwsthatthe ~ecipitite occurswithinthe grainsalong
threecrystallographicplanes..Thispreci~itzrtepreventedslipand
therebyincreasedthe resistanceof thenaterialto shear. In the
soluticm-quenchedcondition,_ were free fran this we d
precipitate(fig.6(b)) and fracturewas alongplanes45° to the
planeof the aisko

When the beryU.ium-copperdiskswere heat-treated to the over-
aged cm.d.itionad s-pun,fracturem the 45° planesshowedthat the
failurewas due to the resolveii* stresson the 45° planes. The
precipitationphasewas quiteerteneivebut was concentratedin larger
particles,as is shownin figure6(c)by the gensralbackgroundcd?
fine aOts. These,puticles did not aat as effectivelyto ~event
slipas did themch sndhr PerkLcles,whichappeareilas a shading
in themicrostructureM the optimum-agedberyllium-copper.

Dab on the influenceof fine crackson the stiengthof rotating
diskswere obtainedfmm two disksthatac@red grimlingcracksa~~
the finishingoperaticm.Thesefine cracks,discwered by magnetic
inspection,are shownin figure7. The disk shownin figure7(a)
was foundto have a~admately a 30-percentreductionin strength
and the disk shownin figure7(b)was foundto havea 36-p~cent
reductionin strengthwhen the burst speeds& thesedish were
canpamd tith the burstspeedsof similarai8k8& soundmrkrial.
Thesediskswere of extremelyWA material,ha- a herdnms cd
Rockwe~ C-60J

h selectingthematerialand the heat treatmentfor a rota-
M3k, the desiguerneedsdata that i.ndiqatethe stiengthand tho
ductili~ of themterials avaikhle. Fw conveniencein materials
testing,thesequantitiesshouldbe determinablefrm a tensile
testratherthanfrom a rotating-disktest.

An impmtant factorthat complicatesthe ~ocess of relating
tensile-testdata to disk-testdata is the occurrenced inetabili~.
Ins&bility of a tensilespecimenis best discussedin tmms af the
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characteristicsof a @yical
figureshowsload dividedby

stmeas-stmain
original area

5

curve(fig.8). !CbiS
plottedagainstunit

el-ticme The @mrtant ~ointson the curveare the proptiional
limit, the IUSRLUW1OMI point (whiOh determine s the ultimatetensile
strength),and the fracturepoint. Stmin hmhning permitsthe
load on the tensilespecimento be incra nniilnecktngoccws
and from thatpointm the load can onlydecrease. The point where

the load goes through a madmum is the instabilt~ pointof a tensile
test.

An analytical
rotatingrings~
the equilibriumof
certainConditions

aiSCUSSt~ of w pkstic atimti~ of
disksis givenin refermce 3, which showsthat
the ringsand disksq becomeunstable@er
thatdependon the shapeof the stress-strain

curve of the rdarial. lhstability& a &k occursby additional
defcmmtion taktngplacewithoutincreasein speed. Two casesmust
be distinguishedin a cqison of the amountof shaln that takes
placein a dialsat the onsetof instabilitywith the amountof strain
in a tensilespecimenwhen ins&bilitybegins:

1. The
Unlsxtalin
at the edge

2. The

central-holedisk in whichthe impcu-tantstressis
the regioncd?nmscbmm*ess in a tangentialtiection
at the hole

sO~a disk in which equalbiaxialtensionsexistin the
regionof maximumstmessesat the centerof the disk

I&an reference4 (p.273)where S1 is the uniadal tensile
stressend Cl is the naturalstrainin the directionof the a@ied
load,the instabilityconditionfor a tensilespecimencan be written

$

dsl

q=% .

As an a~-thn, this conditionwouldbe expectedto apply
to a flat sheetin a loadingmchins with ~ tensionat the
edgeof a hole.

Also fromreference4 (p.273)where S1 is W ~i~

largestprinci~ stiem and q is the naturalstrainin the
directionof this stiess,the instabilityconditionfor a solid
flat sheetunderbiaxtaltendon can be written

dq
—=dc
S1 1
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Therefore,
.

m
!3

Thiscriterionof’instabili~ of a flat platein a loadingmchine
is the sameas that of a tensilespecimen,thusfor uchine loadlng
of an uniaxiallystressedbody or for a lcdy subjectedto biaxial
tension,instabilitywould occurfor the samevaluesof principal
simainsin whichthe strainconsideredis the principalstrainin
the directionof the arithmetic-aldylargestprincipalstress.

Mutability in a machine-loadedflat plateor tensilespeci-
men dependson the fact thatplasticstrainpermitsincreasedload
on thematerialthroughstiin hardeningand requiredreducedload
on the part throughdecreasein crosssection. The instability
pointis actuallythe pointat whichreductionin loaddue to
loss in areaproceedsat a iate equalto the gain in load due to
strainkrdeniq.

Anotherfactoris inbmduced in the caseof rotatingbodies
becausestrainin a rotatinglmly permitsthe elementsof mss
to move at increasedradiiand thusaugnentthe increasein stiebs
due to increasein speed. Wtabili@ in the-uniexiallystressed
edgeof a centralhole in a rotatingdisk or in the biaxially
stressedcenterC& a solidrotating&lsk wouldthusbe expected
to occurat a strqinin the planeof the diskless thanthe lon@-
tudinalstiainin a tensilespecimen.Accordingly,if somemeas-
urementof deformationof a tensilespecimenis to be used as a
measureof ductilityfor rotating-diskpurposes,it shouldinvolve
measurementsmade eitherpriorto or at mostat the instability
pointC& the tensilespecimenand shouldnot consistof conventional
measuresof ductility,suchas percentelongationin a specified
4Pgelee titerrupture. The determinationof the exactpoint
on the stress-straincurvecorrespondingto instabilityin a disk
is discussedin reference3. Thisdetemninationrequiresa knowledge
of the entiresequenceof deformationeof the disk in the plastic
remge. Ih the absenceof suchWormztion, the only statementthat
can be made is that the instabilityslzainin a diskmust lie some-
wherebetweenthe proportimallimitand the instabilitypointof
the tensilespecimen. Becausethe exactpositionof thispointis
unlm~, the plasticstrainin a tensilespechnenfrm the propor-
tionallimitto the ult~ta load pointcan be usedas a practical
measureof ductility,whichhas someprobabilityof being signifi-
cantin measuringthe ductilityof rotating-diskmaterials. With

— ——- —
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the assunq?ticmthat the
Q appreciably,the

7

Volumsof the aefca’mhgImteriald-s not
tmnsvmse drain in a tensilespeoimen

oan be relatedim the longitudinalstaaiuand the trmsverse plastic
straimat the ~lcdoanbea~almrbed bytheohangein
diameterof a fraoturedtensilespecimenin a regionremotefkzu
the neok. This rOauOti~ h diameter d the nonneokedregionof
the tensilespecimenwi31 be used as the maasureof ductility. The
extentto whichthismea-e correla+xmwtti conventionalduotili~
is shownin fi~e 9.

H the suitabilityof the ductikttlesof two materialssuohas
steeland aluminumare to be oved for a rota’Mng-diskapplication,
the datamust be put m sucha basisthat tie densi& and tensile
strengiihswill not Weot the comparison.IX’a mnpletely brittle
=terial is assumed,the diskwouldbe expectedto fail when the
maxhmnnsimessas oaloulatedby elmtic theory%ecmes equalto the
tensilestrength.For a givendisk shape,this stressis proportional
tOthOa~i~OfthO~~ andtothe squsreof the speed. l?he
quotientof the elastiostiessat burstdividedby the ultimatetensile
stzwngthwouldbe unity. ~ a mterial of szdl duotilitywith dif-
ferenta-i~ and tensilestm3n@h is c-cd witi that of the brittle
disk in orderto detmd.ne the *m3ment in diskperfommnce that
is solelyattributableto the ductility,sanemeaswe of this inqywved
perecmmmoe must be used. The redistribution& stiessthat ocours
when a diskbecomesplastiocouldtendto alleviatethe effeotsof
S*SS conoentmationand thuspermitthe ductiledisk to burstat a
high= speedthan the brittleone. A theoreticalelastiosin’ess
oaloulatedf= the higherburst speedwouldthenbe qcted to
exoeedthe tensilestiengthaud the ratioof oaloulatedelastic
&ess at bwst to tenstlestrengthbeoomesa ~ter, whichwould
be aqected to be a funotionof duotili~.

3Y a disk great2y enlarges beforeburstimg,the aotualcentrifu@.
stressesare inoreasedfm any givenspe~ bec-ausethe elementsd’ mass
=8 mmi.ngat greaterradii. Z!?two materials,A E@ B, have the
sameultimatetensilestrengthsand ~ disk made from thesematerials
have the sameratiosof calculatedelasticstressat burstto ulti-
matetensile stmngth,thedisk ofmaterialBoould_to a
greater&meter at burstthan that af A. The actualstressesat
bursbin thediskofmdarialB wouldbehigher thanfor=terial A
but the fact that the disk of materialB couldgo to a largerdiameter
befme burstingshouldnot be regardedas a desirableattributeC@
nwterid B, i.nasrnnohas desl~ of rotatingmchlnery usuallyrequire
that disk enlargementduringopmation he held to a ndnimmh J&oluaing “
the easein whioha largeinoreasein Uameter mightbe aocep~ble, the

.
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calculate msximum elastiostiessat bust is a desirablemea-e
of thestmengthofamterial asusedin adiskandthisstmess
becmes a measureal?the strengthof a disk at any givendensity.
The ratioof elasticstiessto ultimatetensilestiengthis a msas-
ure of the desirablestiess-redistmibu.tingcharacteristicsof the
diskmatertaland thisratio shouldbe a function@ &@i31&.
For diskpurposes,thisratiois in itselfa measde of auctility;
however,it suffersfran the disadvantagethata bursttest is
requiredfor eachauctili& determination.ScW quantityWoula
be clesirablethat couldbe mea~ea bring a tensiletest,which
ma satisfactorilycorrelatewith calctited elasticstiessin
the diskat burstMviaed by tensilesbxmgth. The detailsal?
calculatingelastic@esses are givenin the appendix. The namer
in whichcalculatedelasticstressat burst diviti by ultimate
tensilestragth ccowelateswith reductionin diameterin the
nonneckedregionof a tensilespecimenwill be discussedin the
follmdng section.

The maximum elastic *ess, calculated frcun the soliddisk
fmmula for the burst speedsal?the variousdtsks,has been plotted
-t tensilestiengthin figure10. These plots showthat disk
strengthincreaseswith tensilestrengthbut thisrelationis not
strictlylinear. Departuresof pointsfra the stmaightlines can
be attmibut-eato variablesof seccmiaryImportance. ~ orderto
examinethe tmp~e of ductilityas one of thesevarZables,the
ratioof elasticstressat burstand ultimatetensilestrengthwas
p20ttia~ auct~~ m figureU. IxamLnationti figln%.1.1
showsthatductility a~a not have a pronounceiiinfluenceon the
ratiod? elasticstressto tensilestrengthin the range of audm

ities used.

.

The theory that a disk *ma fail when the calculatedela9tic
stressis equalto the ulttmatetensilestragth wouldrequirethat
the plottedpointsof figuren(a) all have ordinatevaluesof unity.
The theorythata aiOk shouldfailwhen the averagestress,un a dia-
meti sectionis equalto the ultimatetensilestrengthwouldrequire
the P10tt8apOfitstO fall al- tht3uppOra0tt9a,- W- w
ord+ultevalue3s 1.238. (Themeth&Lof locatingthis line is given
in the appenddx.) This conceptof avamge stresswas intmcducedin
refemence2. The averagestressis the oentrifugdface on one-
hslf of the Usk divibd by the =ea of a diamelml section. KU
the pointsfcm perfectdiskswere found to lie betweenthese two

.
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linesad the calculatedelaeticstmessat burstwas foundto be as
high as 120 percent & the ulthnate tensile strength (fig.U(a)).

The irfluence of audm~ on the ratio of calculated elastic
stress at burstdividedby ultimutetii.le stiengthis shownin
figuren(b), for whichthe burst speedswere measuredfor disks

having$inch-diameter centralholesand the stressesweme calculated
accord- to the famnla for a soliddisk. The t303.ia-ai8kf~
was used so thatthe --tea stresswould showthe reductianh
load—~ capaci~ aue to the cen~ hole. These disks burst
with a mximmn calculatedelasticstressof about97 pwcent of the
tensilestrength,as comparedwith 120 percentfw the Sdia disks.
The thecmythat thesedisksshouldbreakwhen the elastiostress

calculatedfor a diskwith a l$inch-diame~ centralhole is equal
to the ultimatetensilestrengthwouldrequirethatthe plottedpoints
have ordinatevaluesof 0.498. (Seea~endix.) The theurythat these
disks shouldbreakwhen the averagestresson a ** sectionis
equalto the ul.timtetensilestrengthwouldrequirethe pointsto
lie tiongthe upperdottedlinewith an ordimte valueof 1.056.
Disks of intermediateductilitycam fairlycloseto valuespredicted
from the average-simesstheoryand the sparcedak fw disksof high
ductilitysuggestthat the strengthof the diskwith a largecentmal
hole decreasesas ductilityincreasesin the rangeof high ductili~.
One facta thatmy have contributedto the earlyfailureof the ~
ductilediskswith large ceniml holesis that expansim of the cedral
hole ~Oda pemrlt added stress aue to tulip~essure, as evidenced
by figure3.

Resultsof data obtainedfrom the burstingof diskswith l/l6-inch-
diametercenimalholeshavebeen plottedin figureU(c). 5 thecmY
that these disks shouldburstwhen the elastic‘stresscalculatedfor
a disk~ti a l/16-inch+U=ter cen’tmalhole is equalto the ulixhmte
tensilestrengthtia requirethat the plottedpointshave ~tes
of 0.500. The theay that thesedislwshouldbreakwhen the stress
on a diametialsectim is equalto the ultimatetensilestrengthwould
requirethe pointsto lde on the upperdottedlinewith cmdinateof
1.223. The datapointsHe betweenthesetwo ccmditions.

The influence of ductilityon the relatives&ength of f30Ma

disks and disks hambg cenlzal holesis shownin figm’eIi?.Because
the elasticstressin any disk is prcpxticmal to the squareof the
speed,the
80Ma aif3k

strengthaf lb disk wi-ti=holerelativeto‘thatof the
canbe express@ as the ratioof the squaresaf thelmrst
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speeds. The plottedpointswere obtatnedby averagingthe burst
speedssquared of disks CZPghen sb3ngth cd auctm~ and divtding

by the averageof burst speedssquaredfor soliddisksof the same
mdxmial and heat treatmant. Xn the range of duotilityinvestigated,
the reductionin stmengthdue to the largehole can he quitewellL
appradmatedby the decreasein diametralsection,as is shownin
figure12(a)by the fact thatthe pointslie approximatelyalong
the linewith an cmdinatevalueof 0.850. The holewith a diameter
of 15 percentof the outerdisme~ pxxluceda strengthreduction
of about18 percent. The influenceC@ duakLli& on the canpsrative
stiengthsof diskswith l/16-inch-diameterceninxdholesand solid
disksis shownin figme 12(b). No greatreductionin strengthwas
observ~. The stiengthreductianwas smnewhatgrea~r t- wouldbe
~cted onlyon ths babis aP decreaseddiamdml section,which
wouldbe the caseif the pointsfell alongthe upperdottedline
with an ordinatevalue of 0.994. The hole with a &Lameterof 0.6 pm=
centaf the outardiameterPoduced a stiengthreductionof about
5 percent. Thisreductionis much less thea the 50-peroentreduction,
whichwouldbe predictedby calculatingelasticstresses.

A two-foldeffectof usingdiskswtth cmrtmalholesin rotating

machhery could be expected. One effectis the reductionin rupture
strengthal?the disk. Thesedata showthat this effectis small
and canbe readilyetited. Anothereffect,whichhas not yet
been evaluated.,is the amountof @Rmic uibalmce that mightocOQl$
becauseof yieldingarounda c~tmal hole. 3X this effectprcrves
to be unimportant,designsof diskswith centmalholes can be used
to more advantagethan is nuw recognized.Suohadvantagesinclude
use of throughshaftswith simadd2e-mountedbear$ngs.

SUMMARY a? REmJL!rs

The followingresultswere obtainedfrom an investigaticmof
the effectof stiengthand &zctili@ cm the burst characteristics&
rotatingdisks:

1. For soliddisksand fcm diskshavingstiessconcentrations
consistingof Wge- and small+ameter centralholes,disk simength
increasedtith increasein tensilestmngbh in the ramgeof auOtfl-
itlesinvestigated(3.4 to 52.8 percentcomentioml.elongation).
~s * occmzmd men thoughan increasein tensilestiength
~ inmlved a decreasein auOtw~.

2. l!heratio of disk strengthto tensflestmengthwas relatively
independent& auc~i~~ fm 8ma aidcs d fOr ait3kstith cenM
holes.

.
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3. The strengthof soliddiskswas reducedby the intmducticm
of largecenti holesappraxlmtelyin proportim to the amountof
llaterialremuved.o(A hole havinga diameterof IS percentof the
cuter&Lameterprduced a strengthreductionof about18 percent.)

k

4. U holesreducedthe strengthby an aInount@eatir than
the amountof sectionremoveil.(A holehavinga diameterof 0.6 per- .
cent of the outerdiameterprOducOda strengthreduction of about
5 percent.) In no casewas the reducttonin stiengthnear the value
of 50 percent,whichwouldbe wedicted by caloulati.ngelastiostresses.

5. The strengthof lowwiuctilitydiskswas drasticallyreduced
by the ~esence of fine cracks.

6. l!henmbr of fragmentsaf Inmstdisks
dt30r0as0L

7. The most d.uotilematerials fdba in a

increasedas a~twti

planeapproximately
at 45° to the plane& the disk,whereasthe leastductilemterials
failedin a planenorml to the disk.

Flight2ropulsicnResearchIabmatcry,
National AdviscmyCcmmdttee

Olevelad, Ohio,April
for Aerolmltius,
8, 1948.

. .
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JwmT!mX - CAWUUTION CFA~QEAllDEIW!l!IC WRlW3ES

E@lbols

The folMwlng synibolsere used in thisrepmt:

area of diametmalsection,sq in.

radiuEof cen~ hole,in.

-Us of disk,in.

totalcentrifugalforcecm diemetzal.section,lb.

@us to centroidof semicircleof radiusa, in.

xzdiusto cexrtroidof semicircle of radius b, in.

numericallyMgest principal stress

naturalstrainin direction of al

)?oissonis~tio, 0.3

4
nms densim of diskIIM3terial,111sec2/in.

mdial stress,lb/sq*.

The elastic
(reference 5, p.

m?? most of

Solid-DiskElasticStmess

stiessesaregreatistat the centerof a solidd@
68) where

3 +V 22
Or =Oo’y pw b

●

the materials‘*SW, V has a valueof about0.3.
The greatestvwiation from 0.3 occurredfor the aluminum-basealloy,
whichhd a valueof u of 0.33. 13xmmichas thisvaluerepresents
a l-percentvariationin the calculatedelasticstiess,the calculated

,

*
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elasbiostressat burst,which can be regenledonlyas a paremeter
becauseplasticflow occursbeforeburst,was bascxlon the assump-
tion that v = 0.3 for all llaterials.

AverageStress

The averagestressis olibinedby dividingthe centmifugd.force
on one-halfof the diskby the ema of a tiemetralcrosssection.
For a disk of unit tbiclmess

‘n1?
F.T

~r~ Tra2
b-T

p raW2

‘b
= O.424b

= 0.424ar
a

A, e 2(b - a)

()_ = O.424TlP W2 b3 - a3F
A 4 ~ -a

For tie soliddi&s where.a Y=O

F 0.424~ P $ ~2-s
A 4

Ratio a!?SoliiHisk Elasticstressto SolM-llisk Average Stress

l!heratioof 60~a-ai6k ebstic stiessto soli&disk average
*ess is

9

s

.

3+V 22
8

P@ b

3+V 4 3.3——
8 0.424fi ‘m

1.238

—- -——— —- - .— .—



14 ~A(!A~~ NO. 1667

Thusj if a disk should fail when average stress is equal to
ultimate tensile strength, the corresponding point on a plot af the .

ratio of elastic stress to ultimate tensile strength against ductiliti
wouldhavean mdinate value of 1.23S.

— —

Ratio of Solid-DiskElasticStressto
.

AverageStressfor Disk with Hole

The ratioof the elasticstressin A soliddisk to the
stiessin a diskwith a l/16-inch-diametercentralhole is

.,

3+v P#b2
cr&l 8
y

=

A
()

0.424mP @2 b3 - a3
4 ~a

3.3 b2
‘o.6481Tb2+ab+a2

3.3 25
‘5ZZ%-=1”22= -

Similarccmpuktionfw a diskwith a l&inch-diameter
holeyields

average

oentxal

Elastic Stress in Disk with Hole

The mxtmum elasticstiessin a diskwith a centi hole is
the tangentialstressat the innerboundary(reference5, p. 69) and is

3+v PW2~.—
.( )

#+1-ua2
4 3+V

u

.

—. _____ –. —.
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Ratio of ElasticStressin SolidDisk

to ElasticStressin Disk with Hole

The ratioof the calculatedelasticstressin a soliddisk
to the elasticstiessin a diskwith a centralhole is

When a l/16-inch-diametercentralhole is used,thisratiois

0.500;when the hole is ofl~-inch-diameter,the ratiois 0.498.

1.

2.

3.

4.

5.

c.
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FigtWO 2. - Tulip design for disk C.
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FigWe 40 - Tensile speulm~. (Dimensions h in. )
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Rlgure 5. - CmWmned. Apwcmnm of disk fZ%l@KJtiS .
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(o) 8taeldisk, ME 1078. IWuotion indlmmter oftendb spohmin noxmeolmdre@mJ
5.98 Proeti.
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c.18355
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(d) Steeldisk, ME 1078. Rednotfon Indiaxmter of bile speohn in nomeoked region,
4.52 peroent.
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.

(e) Steel disk, W 1078. Rednotion~==~~:f t-e@le qpoimn In nonneokedregion,

.

F@re 5. - Conoluded. Appwmnoe of disk frqmnta.
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(a) Optlmmn aged mbterial.
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10.7.47 ..-._. .. . .. .

(b) U- mterlal.

-6. - Continued.BerylUum mpper etohed In ammoniumprmlpha~ ad mmmnium

m ~. MfjIlifloation,500x.
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=5=
G 19724
10.7.47

(o) over&earnti~al

-6. - Conol.nded. Eeryllium oopper etohd in ammmium pmsnlphate ad mmnium
hydrcuide. @@fioation, SKIX.
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Reduotkm in strength,30 peroent.
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(b)-Re~oti@ in str&@h, 36 ~rmnt.

-7.. - ~OUltlded. Grind@ oheob as sho’vn by IIE@etiu inqeotion. EWdneEs,

Rookuell C-60.
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/’ 1’
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~Conventional elongation-/
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I ;

/’ 1!

/’ /’

/’ /’
/ I
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/
I
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unit elongation T

FigUI’e8. - T@ Cal stress-straincurve of a ductilemetal.
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Y o Beryllfm-oopper

/ O Steel, W 103S
/

/
v Aluninm-base alley

/ A Nickel-base alloy

40 80 120 160 200W.03
Ultimate tensile strength, lb/sq in.

(a) Solid disks.

FlgWe 10. - Relation between elastic stress from solid-
disk fomula at burst and ultimate tensile strength.
Large points represent disks that showed no imperfect-
ions upm x-ray and surface inspection. Small points
represent disks with trivial defects.
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Figure 10. - Concluded. Relation between elastic!stress
from solid-diskformula at burst and ultimate tensile
strength. Large points representdisks that showed
no imperfectionsupon x-ray and surfaceinspection.
Small points representdisks with trivial defects.
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